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ABSTRACT

An ensemble of CO, lasers was tested to determine the effects of
cathode material, cathode operating temperature, anode configuration,
window materials and hydrogen additives on laser lifetime. Internally
oxidized copper and silver-copper alloy cathodes were tested. The
cathode operating temperature was raised in some tubes through the
use of thermal insulation. Lasers incorporating thermally insulated
silver copper oxide cathodes clearly yielded the longest lifetime: -
typically in excess of 22,000 hours. The use of platinum shee! versus
platinum pin anodes had no observable effect on laser lifetime Sim-
ilarly, the choice of germanium,cadmium telluride, or zinc se'¢nide
as the optical window material appears to have no impact on lifetime.
No conclusions with regard to the effectiveness of the hydrogen
additives can be deduced from the result of the tests performed thus
far.
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LIFE TEST RESULTS FOR AN ENSEMBLE
OF €O, LASERS

I.  INTRODUCTION

An extensive program has been carried out to develop the technology of CO, laser
communication systems for space-to-space applications.! One aspect of that program has
been a careful study of CO, laser lifetime. Modern communication satellites are designed
to operate for a period in excess of five years — this represents an operating lifetime of more
than 50,000 hours. That figure is the long term goal of the technology program, and this
rep rt summarizes the technology status as of late 1977. Prior to the initiation of this pro-
grua isolated cases of the achievement of modestly long life CO, lasers had been reported.
Without exception, however, these results were obtained for a single laser tube — and were
frequently unrepeatable. The principal objective of this work was to determine if encourag-
ing results obtained at the University of Maryland under NASA grants NGR-21-002-3452
and NGR-21-002-216% could be verified on a sample of laser tubes large enough to prove
that the success, or failure, was not a single isolated example. As will be seen below, this
objective was met. The results that will be presented show that the techniques can be trans-
ferred from one group to another (a key issue in reliability) and that : small volume laser
tube can be built having a predictable lifetime of not less than 10,000 hours.

II. BACKGROUND

The work upon which this effort was based concerned the use of a cold « athode for ‘he
Cco, laser.2? It was regarded as the simplest and most reliable approach to obtaining long
life. This is not to say that the chemistiv of the cathode is simple — only that the use of
competing technology, e.g., a thermioni: cathode, would have been even more complex. A
proper ceid cathode must satisfy the following criteria:

a.  Any oxidation of the cathode must be reducible in the laser gas at a sufficiently
fast rate to prevent the buildup of oxide layers on the active surface.

b.  The oxides must be electrically conducting at the operating temperature of the
cathode; the temperature is that which allows emission of the required current density,
approximately 12 mA/cm?, withou! excessive sputtering.

¢.  The sputtering products should not form negative ions. This is a requirement that
leads to a preference for elements in the first column of the periodic table. The requirement
is based on the need to avoid the migration of sputtering products away from the immediate
cathode area.

The two most successful cathodes tested to date are an internally-oxidized silver-
copper oxide matrix cathode and a pure copper cathode. Figure 1A shows results obtained
at the University of Maryland with the two cathodes and Figure 1B shows results obtained
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with laser tubes built and tested at Goddard Space Flight Center. Table 1 hists the cumbined
results along with construction details and a qualitative description of the spu’tering pro-
duced by the cathode.

. LASER TUBE CONSTRUCTION

Eight laser tubes were fabricated at Goddard Space Flight Center with the designs
shown in Figures 2A and 2B. The first six were of the former construction and ** : last two
of the latter. Single crystal and polycrystalline cadmium telluride Brewster windows were
used on six tubes and zinc selenide was used on two. All of the Brewster windows were ob-
tained from II-VI Corp. Gallium arsenide Brewster windows and internal gold mirrors were
used in the University of Maryland tubes.

Fiatinum pin anodes or anodes made from platinum sheet were used in all tubes. The
anodes were attached to tungsten feed-throughs to bring the electrical connection outside
the glass envelope. A silver cathode with 5% copper was used for seven of the tubes, and a
pure copper cathode was used tor the last. The cathode dimensions and construction are
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Figure 2. Laser Tube Construction



TABLE |
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1| :
L Cathode Lifctime
Gas Min Maternal Matenal External Sputtenng
Lacation 1 69| 10000, 00 Xett, | - ot efhmode Window o) T s | Peoin R
Univ. of Md. M 15:7:7:1.5:0 Ag20Cu Pt shicet Gallium Arsemsde 3% 45 33.000 Yes Very heavy
Internal Gold Mirror
Univ. of Md M2 15:7:7:1.5:0 Cu/Pt sheet Gallium Arsenide 35 1S 17,500 Yeu Lsght
Intemal Gold Marror
Univ. of Md M3ia 15:7:7:1.5:0 Cu/0.8mm P1pin Gallium Arsenide 35 35 15,200 Yes Moderate
Internal Gold Murror
Univ.of Md. | M4 15:7:7:1.50 Cu/0 Smm Aupmn Galhum Arsemide 3§ 35 1500 Yes Heavy Possable Water
Internal Gold Mirror Contamunation
Univ. of Md. M5 15:7:7:1.5:0 AgSCuO /Pt sheet Galhum Arcmde 50 45 26,800 Yeu Very hght
Internal Gold Marror
GSFC Gl 15:7:7:1.5:0 Ag3Cu0 0 Bmm Cadmium 50 as 235552 Yes Heany Intetise Anode
Ptpin Tellunde Spot
GSFC. G2 15:7:7-1.5:0 AgSCuO/0 Smm Cadmmm 50 45 12.500 No Very heavy
Ptpn Tellunde
«
GSFC G3 15:7.7.1.50 AgSCu(), 0 Bmm Zinc 50 a4s 10 540 No Very heavy *snde Window
Ptpin Selemide Contammation
GSFC G4 15:7:7:1.50 AgSCu0/'0 Smm Zinc 50 43 22021 Yes Mode rate Sputter Shackd
Ptpin Sclenide Scpment Worked Away
GSFC G3 15:7:72:1.5:0 AgS5Cu0/0 Smm Cadmaum 50 45 3.600 No Very heavy | Ceramsc Sleeve
Ptpmn Tellunde Separated Cathode
GSFC GSA 15:7:7:1.5:0 AgSCu0 /0. 8mm Cadmiom S0 4% (18 145%) Yes Modcrate Lirconum Retamng
Ptpin Tellurde Ring Used
GSFC Gé 15:7:7:15:0 AgSCuO/0 8mm Cadmsam S0 45 12500 Yes Light Small Particke
Pt pin Tellunde Bumcd Away
GSFC G7 15:7:7:1.5:0.2 AgSCu0 G Smm Cadmum 50 45 (>15.158%) Yes Heavy ww
Ptpin Tellunde Droplets
GSFC GE 15:7:7:1 5:0.2 Cu/0 8mm P1pin Cadmium 35 45 >15,158%) Yes Light Stamicss Stee:
Tellunde Retuming Ring
GSFC G2A 15:7:7:2.5:0.2 AgSCuO/0 8 Cadmium 50 45 (0443 Yes Laght Shight Hy Overfill,
Ptpin Tellunde Fower Lower
GSEC G3A 15:7:7:0.5:0.2 AgSCuP/O # Zinc 50 45 (>9310%) No Very heavy | Inside Window
Ptpin Selemde Contammastson

€1 4OVd TVNI

XLITY

*1/2 power not reached
Volume and pressure all tubes  apprx. 50 cm® ana 20 Torr.
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Figure 3. Cathode Types

shown in Figure 3. The ceramic insulator serves as a sputter shield. The tubes are 15 inches
in length with a 5.6 mm inside bore diameter and have a plasma length of 20¢m, and 5Gem?
volume. The Brewster windows were indiume-sealed to the laser bore at the University of
Maryland® after being masked and coated with gold and chrome at the Goddard Space Flight
Center.



IV. TUBE PROCESSING

An ultra-clean processing station, shown in Figure 4, was designed to process the gas
laser tubes. A typical processing sequence included the following steps:

a. Evacuation of the laser wube to 10°% Torr,

b.  Filling the tube with § Torr of oxygen and running a 10 ma discharge current for
S minutes,

¢.  Repeat a.and b, twice,

d.  Repeat a. and b, once again, but keeping the discharge on for one hour,
¢.  Evacuate the tube and fill with 20 Torr of the laser gas mixture,

I, Operate the laser for from four to five hours.

g, To preserve the surface condition due to adsorbed gases, the tube is then evacu-
ated to only one Torr,

b The tube is then refilled to 20 Torr and operated with the optimum current of
6 ma for 3 days,

i I'he tube is then evacuated to one Torr, refilled to 20 Torr with the laser gas
mixture and sealed ofT,

The complete process takes six days due to long pump down times characteristic of molecu-
lar sieve and Vac-lon pumps.,

Betore gas processing cach laser tube’s residual gas background was recorded with a
Quad 1210 Residual Gas Analyzer to assure that the residual gases and the H, O group were
at a minimum. Several laser tube background graphs are shown in Figures 5 through 10,
The hard copies of the residual gas background were obtained by interfacing the Quad 1210
Residual Gas Analyzer with a Varian Associates Model F100 X-Y recorder.

V. TEST SETUP

For all of the test lasers, a mirror mount was designed to accommaodate a piezoelec-
tric double disk bender upon which the laser mirror was mounted. This permitted the P-20
line to be obtained from cach laser. The cavity length was 19 inches. All eight tubes were
cooled with distilled water. The reservoir temperature was maintained at 15°C. A special
ballast network was designed to permit the laser tube current to be maintained constant in
spite of degradation. Had a current-controlled power supply been available, this feature
could have been dispensed with,
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Figure 4. Gas Processing Station
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The voltage drop across the tubes was approximately 5 kV. All laser tubes were placed
on a laboratory bench covered with plexiglass, The cover served the dual purpose »f pre-
centing accidental contact with the high voltage or laser beams, as well as maintaining a
reasonably clean environment for the laser tubes. The test setup is shown in Figures | 1A
ana 118, Although the water jacket temperature was maintained at approximately 17 C,
the lasers were exposed to the laboratory ¢ wironment where temperatures varied over the
range 60 to 100°F and the relative humidity varied from 37 to 90 percent,

After cach week of operation the lasers were shut down to clean the Brewster windows
with CH, Cly . as well as to record the laser power, voltage, temperature, and hours of

operation.

VI DETAILED LIFE TEST RESULTS

Laser G1 = The windows on this tube are polycrystalline cadmium telluride. After
100 hours of operation, an external fiberglass insulation was placed around the cathode to
provide comparison with lasers G2, G3, and G5 which were uninsulated. The anode is a
platinum pin with a tungsten lead. The end of the pin was cut with wire cutters to com-
pare the performance of a flat anode end with that of a ball end.

During the first 1000 hours of operation, two dark rings appeared around the inside
of the laser tube near the cathode. They appeared to be caused by sputtering products.
After the insulation was added to the outside of the cathode, the nngs totally disappeared.
They reappeared at around 20,000 hours of operation, but with a slightly different form.
One of the rings was a silvery film about 6 mm in width, while the other was a dark film
about 7 mm in width. During the life test, a slowly moving and relatively quiet cathede
glow spot was observed. In comparison to tubes 2, 3, and 5, the discharge was quieter and
more stable and there was little evidence of sputtering. This is attributed to the higher
cathode temperaturc.

The laser bore and the anode area remained very clean throughout the tube’s lifetime.
The tube reached half power after 25,552 hours of operation. The power output and dis-
charge voltage are shown in Figure 12 as a function of operating hours.

Laser G2 - The second laser was assembled as the first, but without the external
insulation on the cathode, Sputtering deposits began developing in the cathode region after
four hours of operation and became very heavy at 2400 hours. They remained very heavy
for the duration of the tube’s life.  Fhe bore region and anode area remain *d clean as in
laser G 1. A slowly moving cathode glow spot developed early, but remained stable most of
the time. Figure 13 shows the performance of this laser. The tube reached half power at
12,500 hours.

Laser G2A (Refill) -~ The tube was reprocessed ard refilled at the University of Mary-
land with the following changes: (1) The cathode was replaced, (2) The gas mixture was
modified to include 0.2 Torr of Hz- and (3) External insulation was added around the
cathode.
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Figure 11A. Laser Ensemble During Life Test
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The power output of the rebuilt tube was lower due to a slight H, overfill and some
window contamination on the cathode end that occurred during reassembly. After 8415
hours the cathode was very clean with only a | mm wide ring around the exit hole and a
faint yellow ring, also about 1 mm wide, on the glass sleeve, The interesting behavior of the
refilled tube is shown in Figure 14. The life test is continuing.

Laser G3 — In order to place this tube in life test quickly, zine selenide rectangular
window material was polished and indium sealed to the tube, There was no external
cathode insulation, so that a comparison could be made with tubes G1, G4, and G6 which
were insulated. The anode platinum pin was rounded with a file,

A moving cathode glow spot became apparent after 505 hours of operation. After
1004 hours particles formed on the inside of the ZnSe window at the anode end. At about
335 hours cathode sputtering rings had appeared which averaged 3 mm in width. The anode
and bore of the tube remained very clean.

After 7055 hours the anode glow uniformly covered 1/2 inch of the platinum wire.
The half power point occurred at 10,540 hours and the output power decreased very rapidly
thereafter. The performance of the tube is shown in Figure 15.

14 L] T '!'II'I'YII Al L Tf""' Ll L ‘ll!T"[ T | T T TrrYy
LASER G2A (REFILL)
INSULATED 204 5 Ag 5 ©u CATHODE
0.8 mm Pt PIN ANODE, 56 mm x 150 mm BORE. 6 ma D C.
50 em? He CO, CO Xe:H,, 16:7:7:1.6:0.2, 20 TORR
12—
VOLTAGE ——e
1.0¢ — 5KV
3 08— —uw§
- 5
-
£ osf— ~ 3KV
2 e OUTPUT POWER
04—
0z
0 L ' Ilillll L ' lll.l.lll A JLl.ll.llll A A__ A A A L&A
10 10? 100 0 0

HOURS
Figure 14. Laser G2A: Power Output and Voltage versus Time

15 o8 POOR QU



L] T T TV!"I"’ Ll v % VVIII' L L i 'T'l"] LS ¥ vy T T rvyy
LASER G
UNINSULATED 2145 Ag b Cu CATHODE
08 mm P PIN ANODE 5.6 mm x 150 mm BORE 6 ma D C
5 60 e He CO, CO Xe 187 7.1, 20 TORR
e (WU TPUIT POWE R
10 b

A

g

-

:oe

& TURE VERY WARM

5 COOLER DOWN FOR 1 HR

g oek- \ L

= ( {

e e O i

VOLTAGE s—
04}p— — oy §
3
L | LY
""L p— | N LLL_‘_Li nnesilsmnsiendadicil lllJ_ i i Ll ljlll A i A LA A LA
0 0 109 0 0
HOURS

Figure 15, Laser G3: Power Output and Voltage versus Time

Laser G3A (Refilly -~ Tube G3 was reested after replacement of the cathode and
being refilled with the gas mixture with added hydrogen. No external insulation was used.
As in the previous refilled tube (G2A), and for the same reasons, the output power was
slightly less than with the original fill. The life test is continuing with more than 7750 hours
accumulated to date and with no significant decrease in power or sput”ering products, The
laser data to date are shown in Figure 16,

Laser G4 - The assembly of the laser and the laser materials were the same as lasers
1 to 3. The anode platinum pin end was melted into a small ball. The cathode was exter-
nally insulated after 1000 hours of operation. ZnSe windows were indium scaled to the
laser as in the other tubes. While evacuating the laser tube, a leak developed between the
water jacket and the inner bore which made it necessary to rework the tube.

For the first 1000 hours, the ummsulated cathode accumulated heavy sputtering de-
posits  as expected. At first the cathode glow spot shifted rapidly, but it gradually
changed to aslow, quiet movement, Fxamination of the laser tube after 23,000 hours
revealed that a seegment of the ceramic sputter shield had cracked and separated from the
cathode. The sputtering products disappeared, as before, when the insulation was added.
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Figure 16. Laser G3A: Power Output and Voltage versus Time

They were still absent, and the laser bore and anode arca were clean, at the end of the life
test. The laser performance i1s shown in Figure 17: halt power was reached at 22,021 hours,

Laser GS — Laser GGS has the same matenials as the preceding tubes, except for the use
of single crystal cadmiuri telluride Brewster windows. The cathode was not externally in-
sulated. This tube was processed simultancously with laser G6 but cxpired carly at 3694
hours (54% power decrease) when the ceramic sleeve around the cathode separated from the
cathode and sruttering increased greatly, Figure 18 shows the lifetime history of the tube.

The cathode ceramic structure was redesigned to make it more resistant to vibration,
and in particular the vibration levels that might be experienced in space flight applications.
A circular disk made of zirconium alloyed with 177 tin was used to lock the ceramic insula-
tor to the cathode. This design was used in the reassembled and refilled laser tube desig-
nated G5A,

Laser GSA (Refill) — In addition to replacing the cathode, one of the cadmium telluride
windows was also replaced when it was found to be spotted during reassembly. The tube
was refilled and placed on life test. External insulation was placed around the cathode
before the start of life testing. After 1000 hours the zirconium ring locking the ceramic
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Figure 17. Laser G4: Power Output and Voltage versus Time

sputter shield to the cathode was covered with a black oxide layer. Due to this observation,
it was Ielt to be unwise to use the ring in future laser tubes,

After 16,590 hours of testing, the cathode sputtering products were minimal, although
a 1.5 mm wide dark ring and a 6 mm widze lighter ring had appeared. At the present time,
there is no degradation of laser power from the initial power of 650 mW, (see Figure 19).

Laser GO - The sixth laser used the melted platinum pin anode and external insulation
around the cathode. The Brewster windows were made of single crystal CdTe. As expected,
the usual sputter deposit rings formed around the cathode at about 171 hours and became
heavier before the external insulation was adde. at 1082 hours. The initially stable cathode
glow spot soon gave way to a ran-lomly moving spot. The sputter rings again were reduced
to very light deposits. The life test behavior of the tube can be seen in Figure 20. It
accumulated 12,506 hours before reaching halt power. The tube was allowed to continue
on test for an additional 3455 hours past the half power point. At that time the power had
dropped to 110 mW and relatively large amounts of sputtering were observed, along with
the typical low pressure striations that indicate a loss of pressure. The bore ana anode area
were relatively clean of sputtering products. However, during processing, a small particle in
the bore glowed and burned for about 10 minutes before vanishing. This may have been
responsible for the relatively short lifetime of the tube.
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casers G7 & GB — The role of small amounts of hydregen or water vapor has always
been an obscure one.” ¥ Are small amounts of these imparities essential for long life? Are
tubes that are better outgassed during processing more prone to failure than the less well
outgassed tubes? To obtain a partial answer, some of the tubes that had (o' fed were rebuilt
and a small amount of H, was added.

In addition, two additional tubes containing an H, additive (G7 and GB) were added to
the original six. Laser G8 also employed a pure copper cathode. A further modification in
these tubes was the use of cathodes and anodes mounted parallel to the laser bore.

Lasers G7 and G8 were placed in operation at the same time and observed closely,
without external insulation, for the first 4223 hours. External insulation was then added.
By 1127 hours heavy brownish-black sputter rings formed and the cathode glow spot was
observed to move slowly, but continuously. Earlier, after only five hours of operation, a
small spot had developed on the inside of one Brewster window on laser G7; the remainder
of the tube was very clean.

Although the tube’s initial power output was very low, S00 mW, it increased 1o 1.2 W
and remained there for approximately 2700 hours. The output power has recently been
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Figure 18, Laser G5: Power Output and Voltage versu: Time
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decreasing and has now dropped below its starting value. An inspection of the cathode on
tube G7 around 13,000 hours showed heavy sputtering and a silver film near the cathode,
encircled by a dark 5/8" wide film. Small silvery droplets have oozed out between the
retaining ring and the ceramic shield. The anode discharge now extends beyond the plati-
num pin to the tungsten wire. Figure 21 shows the life test results for laser G7.

Laser G8 is identical to G7 except for the use of a pure copper cathode. From the
beginning of the life tests until 2808 hours, the cathode glow spot was very stable. It then
began to move slowly. The following day it stopped moving and has remained exceptionally
stable to the present time — 13,776 hours. Beginning at an initial power of S00 mW, the
laser reached a peak power of 1.4 W and is now remaining steady at the | W level. Its
performance is shown in Figure 22, At 1559 hours a thin, transparent layer of copper-
colored material had formed inside the cathode shield. After 4223 hours the »xternal in-
sulation was added. At 13.608 hours the film was no longer present. Again, as in all the
tubes, the anode and bore arcas are quite clean, although the anode is slightly oxidized.
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Figure 21. Laser G7: Power Output and Voltage versus Time
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VIE CONCLUSIONS

A SHNVER COPPER OXNIDE CATHODES

A total of twelve CO, Tasers with silver copper oxide cathodes (two at the vaiversity
o Maryland and ten at the Goddard Space Flight Center) have undergone life testing. Of
these, a total of cight Lasers have reached ther aalf=power hifetimes. With the exception ol
the cathode in Tube M1 ewhich had a 20 percent copper doping), all of the cathodes con-
tamed 5 percent copper. OF the seven lasers with AgSCu€Q) cathodes which have reached
therr halt-power litetimes, four (M5, G, G4, and Go) were provided with external cathode
insulation which rased the cathode temperature from 200 C to about 320°C. The life-
times of the lasers with thermally-insulated cathodes ranged from 12,500 hours to 26,800
hours with a mean hitetime of 21718 hours. Only one of these four tubes (Go) tailed to
achieve a hitetime of 22,000 howrs or more. The premature Failure of laser Go may have
bheen due to an impurity which was observed to burn in the tube bore for approximately ten
minutes during processing. The three Lasers imcorporating AgSCuO cathodes without
thermal msulation Clasers G2, G3 and GS) had hitetimes ranging from 3600 hours to 12,500
hours and a mean hitetime of 8880 hours. Inspection of laser GS, which tailed after only
3600 hours, revealed a sputter shield that had dropped about 3mm and had exposed the nim

™
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of the cathode hole. 1t is believed that excessive sputtering at this exposed rim led to the
premature failure.  This laser was later rebuilt by replacing the cathode only. The laser
(GSA), now running with a thermally insulated cathode, has already surpassed 18,145
hours and will most likely live 20,000 hours or more,

In light of the atorementioned results, it is apparent that thermally insulating the
silver-copper oxide cathode increases the lifetime by at least a factor of two. It was also
observed that the sputtering products were hight to moderate in tubes with thermally in-
sulated cathodes and typically very heavy in tubes without insulated cathodes.

Laser M1, which utilized a cathode containing twenty percent copper, achieved the
maximum half=power litetime ol 33,000 hours, but heavy sputtering products were ob-
served inspite ol the thermal insulation surrounding the cathode. Previously reported
discharge tube litetime results? have demonstrated that higher copper doping levels (10 to
20 percent) give increased sputtering and introduce an imbalance in the CO-CO, compo-
sition over long periods of time.  In these cathodes, sputtered CuO is reduced to Cu, O
giving off oxygen.  Thus the imbalance favors the formation of CO, with a corresponding
decrease in the CO concentration.  In contrast, cathodes with 5% copper doping lend
themselves te stable CO-CO, compositions while pure silver cathodes favor CO formation
at the expense of the CO, concentration.

B. COPPER CATHODE RESULTS

A total of four lusers with thermally insulated, pure copper cathodes (three at the Uni-
versity of Maryland and one at the Goddard Space Flight Center) have undergone life test-
ing. Three of these loers (M2, M3A, and M4) Pave re «ched their half-power lifetimes. The
lifetirnes ranged from 7500 hours to 17,500 hours with a mean lifetime of 13,400 hours
which is about half of that achieved with thermally insulated AgSCuO cathodes. Pure
copper cathodes, however, have been observed to yield consistently quieter discharges and
lighter sputtering products. Furthermore, laser G8, which contains a small amount of hy-
drogen in the gas mixture, has already accumulated over 15,000 hours with no sigus of
imminent failure.

C. ANODE CONFIGURATION

Platinum anodes were used in ail but one of the lifetime experiments. Three University
of Maryland lasers (M1, M2, and M5) incorporated platinum sheet anodes in an effort to
spread the dischiarge over a wider area. The anodes in the remaining lasers were made from
0.8 mm platinum wire with the exception of the anode in laser M4 which was made from
0.5 mm gold wirc. The anodes of tubes G 1 and G2 were cut off with wire cutters and had a
sharp edge. High current densities, visible by their highly concentrated anode glow, had
apparently no detrimental effect. All of the remaining anodes had a round end formed by
melting the sharp tips. A examination of Table I suggests that there is little or no effect of
the anode configuration on laser lifetime.,



1. WINDOW MATERIALS

he choiee of cadmium telluride or zine selenide as the Brewster window material had
no observable eftect on the laser hifetime.

.o HYDROGEN ADDITIVI

Hydrogen gas was added to the mixtures in four lasers. Two tubes (G7 ana GE) have
accumulated over 15,000 hours while two refill tubes (G2A and G3A) have surpassed 9,000
hours with no signs of imounent failure, Laser GE, which has a thermally insulated pure
copper cathode, s performing well relative to three other copper cathode lasers with no
hvdrogen i the gas mixture (M2, M3A, and M4). Because the lasers with hydrogen additive
have not vet reached their halt-power hifetimes, however, no conclusions with regard to the
cltectiveness of the H, additive can be deduced at this time. 1t should be noted, however,
that, due to an H, overfill at the outset, the initial output power of tubes containing hydro-
gen was always lower €~ 50°0) than those without hydrogen. Furthermore, the output power
tended to merease over the first 1000 hours of operation susgesting the possibility that the
hydrogen concentration is being depleted during this time interval.

I REPRODUCIBILETY AND PROJECTED LIFETIMES

[he tube-processing technology required for the fabrication of long-lived CO, lasers
has been suceessfully demonstrated at two facilities, the University of Maryland and the
Goddard Space Flight Center. Lasers with lifetimes in excess of 20,000 hours have been
constructed with good reproducibility, and the test resu’ts suggest that, with further devel-
opment, lasers with 30,000 hour litetimes might be achieved routinely.
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